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One of the barriers to use of climate information by the agricultural community is a mismatch between the most desirable forecast information and the kinds of information generally provided. For example, farmers are most interested in deterministic forecasts of climate phenomena that influence yields at critical times during crop development. These include forecasts for the start of the rainy season, duration of dry spells during the season, rain during flowering, and rain during harvest. On the other hand, seasonal climate forecasts are generally presented as the probabilities that seasonal rainfall totals will fall into three categories (i.e., above, near, and below "normal").
Progress toward bringing the seasonal climate information more in line with the expectations of the agricultural community has been slow for a number of reasons. The most significant of these is that the deterministic information requested by the potential users is beyond the capabilities of the science to provide them. Thus, deterministic dayto-day weather forecasts are not generally possible beyond 10-14 days. Recent developments, however, provide some evidence of progress toward reconciling user requests and forecast capabilities. The reasons for this are twofold. First, spurred by the almost universal concerns about the effects of global climate change, reliable sources of daily rainfall and temperature data are becoming more widely available for many parts of the world. Second, climate scientists are beginning to use these data to examine the observed statistics of daily rainfall and temperature over the course of seasons and how these statistics may be influenced by ENSO. Further, investigations are being initiated to examine the ability of numerical models to replicate these statistics in analyses and forecasts.
In this paper, we illustrate the practical importance of this progress with an examination of the effects of dry-spell duration (i.e., number of consecutive days with no rainfall) on maize yield in Uruguay. We chose this example because: 1) rainfall in Uruguay has a well-documented relationship with ENSO phases (Baethgen and Gimenez 2002) ; 2) daily data are available for a 40-year period ; 3) maize yield data at the national level are available for more than 100 years; and 4) the maize-growing region in Uruguay is homogeneous in climate and relatively homogeneous in agricultural practices. DATA. Rainfall data consisted of daily totals at the meteorological weather station of INIA^La Estanzuela for a complete 40-year period . Climate data for this meteorological station is representative of the climate in the major crop growing area of Uruguay. In the example shown here, we analyzed simulated crop yields at the mentioned location and compared them to statistics from observed maize yields aggregated at the national level. The national maize yields represent area averages, but given the general consistency of seasonal climate signals over the relatively small maize-growing region of Uruguay, we assume that the maize yields at individual locations may vary more widely but present similar trends.
METHODS.
Brief description of the crop model. The crop simulation model used in this research was CERES-Maize, included in the Decision Support System for Agrotechnology Transfer (DSSAT). The DSSAT models perform detailed biological simulation of crop growth and development operating on a daily time step. The models simulate dry-matter production as a function of climate conditions, soil properties, cultivar characteristics (sensitivity to photoperiod, duration of growth stages, etc.), and management practices (planting date, plant density, fertilizer use, irrigation, etc.). Soil water and soil nutrient balances are performed on a daily basis, and the calculated available water and/or nutrients 1 INIA is the National Agricultural Research Institute of Uruguay.
may limit the production of crop biomass. The dry matter produced on any given day is partitioned among the plant organs that are growing at that time. Crop development in DSSAT models is driven by the accumulation of daily thermal time or degree days. The inputs required to run the models are daily weather variables (maximum and minimum temperatures, rainfall, and solar radiation 2 ), information on crop and soil management practices, cultivar characteristics, and soil profile data. Output from the models includes final grain yield, total crop biomass, and biomass partitioning between the different plant components at harvest. The different versions of the DSSAT models have been calibrated in Uruguay since the late 1980s and successfully used for different applications throughout the last two decades. Figure 1 shows the results of simulated yields in INIA-La Estanzuela (mean of different planting dates) as compared to the observed maize yield at the national level. The results show that, as expected, the yields simulated at the station level varied more widely than the yields aggregated at the national level. However, the model generally simulated the national yields adequately, and the crop model performance was especially good in the low-yielding seasons (e.g., during La Nina years of 1967, 1988, 1999) .
The logistic regression. Seasonal climate forecasts are properly given as shifts in probabilities. However, in practice most farmers are very often faced with dichotomous choices-for example, to plant early or late, to plant one type of cultivar or another, or maybe even to plant versus letting the land lay fallow. This tension between probabilistic climate information versus the frequent necessity for either/or choices is addressed here by the use of the logistic regression. This statistical tool allows the examination of changes in the probabilities of a dichotomous event as a function of some external variable.
Traditional regression models are inappropriate when the phenomenon that is being modeled is discrete (such as dichotomous choices) rather than continuous. In such cases, qualitative response models, where the number of possible outcomes is finite, can be used. For the case at hand, we are interested in only two possible outcomes-namely, either the realized yield exceeds a given threshold or it does not. Hence, the outcome is binomial, and the situation can be modeled as follows: Let Y-0 and Y= 1 denote the events in which realized yields are above and below the threshold, respectively. Factors that affect yields are gathered in the vector x, so that Pr(y = l) = F(x,p) Pr(7 = 0) = l-F(x,(3), where (3 mediates the impact of change in x on the probability. The probability model is a regression of the form £(7) = 0 * (l -F(x, j 3)) +1 * F(x,(3) = F(x,p).
In principle, any appropriate continuous distribution defined over the real line can be used. If the logistic distribution is used, then the model is called a logistic regression 3 and the model is Pr(y = l) = A(P'x) = -^.
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Unlike the interpretation in the traditional regression model, the (3 parameters cannot be interpreted as the marginal change in the response to a change in the independent variable. The marginal effects for the logistic model are given by and for the logistic models the parameter (3 is the change in the log odds ratio in response to x.
In our example we define a "poor yield" (7 = 0) as one for which the maize harvest is 80% or less of the yield median value (20% reduction of the expected maize yield). If the simulated yields exceed the predetermined threshold, they are assigned 7=1. The independent variable used in the study is the average dry-spell length during a period in which maize is at a critical growing stage (flowering). The fitted logistic regression model is then used to estimate the probabilities of obtaining a "poor yield" as a function of the average dry-spell length during that same period. These probabilities are plotted in Fig. 2. 3 Most applications rely on the normal (in which case the model is named probit) and logistic distributions, but exponential and weibull distributions are also used.
ANALYSIS. Dry spell length for growing season(s) as a function ofENSO phase.
There is a well-documented relationship between ENSO and much of southeastern South America, including the maize growing areas of Uruguay. There is a tendency for enhanced rainfall during the El Nino (or warm) phase ofENSO and decreased rainfall associated with La Nina (or cold phase) during the later half of the calendar year. Later studies using much denser data networks indicate that the ENSO signal is particularly strong in the October-December period. Most studies also suggest that the La Nina relationship-less rainfall during the cold ENSO phase-tends to be more robust. All of these studies are based on seasonal precipitation totals. In this paper, we show how these differences are manifest in statistics of dry-spell duration during various phases of crop development (see Fig. 2 ).
Logistic regression results. The logistic regression
was fitted for treatments that represent two common practices for maize production in Uruguay: a) a medium-cycle hybrid sown in mid-September; and b) a short-cycle hybrid sown in mid-October. In both of these cases, the maize flowering occurs in December and, therefore, both situations are represented by one logistic regression model (Fig. 2) .
The results of the analysis are shown in Fig. 2 and evidence the great sensitivity of the maize crop to the duration of dry spells in the trimester that is centered on the crop flowering period (NDJ). We note that the probability of poor yield changes most rapidly in the range of roughly 4-7 days. We also note that the mean dry-spell length for the location in this example is 5.25 days, corresponding to a probability value of 0.2.
The mean dry-spell length for El Nino 4 years was only 1.3 days shorter to that corresponding to La Nina years (4.7 vs 6.0 days). However, the probability of obtaining "poor yields" drastically changes: about 12% in El Nino years and 45% in La Nina years. In other words, an increase of approximately 1 day in the mean length of dry spells during the trimester that includes the flowering stage results in a four-fold increase of the chances of getting a "poor yield."
These results coincide with previous work in maize production in Uruguay that had also reported higher chances for low maize yields in La Nina years. However, all previous studies were conducted considering only the impact of total rainfall and not the statistical characteristics of the seasonal rainfall (e.g., dry-spell length). Any given season may present "normal" total rainfall with significant variation of rainfall among each month of the season. For example, in a situation where the first month in any season shows "high" rainfall, the second has "low" rainfall, and the third month is "normal," the total seasonal rainfall can be "normal" while a crop flowering in the second month may suffer from water stress. Our results evidence the much larger sensitivity of maize yields to dry-spell length than to total, aggregated seasonal rainfall, and emphasize the need to study the characteristics of "weather within climate" in the available seasonal climate forecasts.
Risk management strategies. Information like that presented in this article is useful for agricultural communities if it can be used to modify production decisions and incorporate practices that are better adapted to the expected conditions. In our case, we concluded that La Nina years have, on average, longer dry spells during NDJ, and that this drastically affects the maize yield for crops flowering in December. Consequently, one possible strategy to reduce the negative impacts of La Nina could be oriented to avoid flowering centered in that trimester (e.g., moving it to February, in the center of the JFM trimester). This can be achieved by using the same type of hybrid and moving the sowing to later dates (e.g., sow in November instead of September). Another way to escape flowering in the NDJ trimester is by moving the sowing to even later dates (e.g., December) and using hybrids with shorter growing periods (called "short-cycle hybrids" or "short-season hybrids"). However, by delaying the sowing dates, there is also the risk of reaching crop maturity at dates with higher relative humidity and lower temperature and, therefore, problems for the harvest (grain drying is slower, crop diseases are more common, etc.). In both cases described above, the maize flowering will occur around February and harvest would be delayed to the end of March or April (with the increased chances of harvest problems mentioned above).
SUMMARY. The use of climate information to manage agricultural risks has been much slower than expected by the climate science community. We contend that this delay entails real costs for society, as opportunities to take advantage of the information embedded in the forecasts are missed. The cost is expected to be incurred when growing conditions are expected to be both "better" and "worse" than average. Opportunities for intensification are missed in the former case, whereas actions that can prevent or reduce losses are not taken in the latter case.
This study illustrates the practical importance of the information that the climate community can provide to agricultural decision makers. It also highlights the fact that efforts to move beyond forecasting shifts in aggregate seasonal variables and toward the statistics of "weather within climate" are warranted. Crop productivity is usually more sensitive to these statistics (the example here is dry-spell mean length), and therefore they can provide useful information about the likelihood of success versus failure of certain agricultural production activities and/or practices. 
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